Inflammatory breast cancer (IBC) is an aggressive malignancy having a poor prognosis. Traditionally, reconstruction is not offered due to concerns about treatment delay, margin positivity, recurrence, and poor long-term survival. There is a paucity of literature, however, evaluating whether immediate breast reconstruction (IBR) is associated with greater mortality in patients with IBC. A population-based study was conducted via the SEER-Medicare-linked database (1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009). Female patients greater than 65 years were reviewed who had mastectomy and reconstruction claims for nonmetastatic IBC. Competing risk and Cox regression were used to assess whether IBR was associated with higher breast cancer-specific mortality (BCSM) or overall mortality (OM). Among 552 936 patients, 1472 (median age 74 years) were diagnosed with IBC and had a mastectomy. Forty-four patients (3%) underwent IBR.
| INTRODUCTION
Inflammatory breast cancer (IBC) is an uncommon and locally advanced cancer accounting for 0.5%-2% of all newly diagnosed breast cancers in the United States. [1] [2] [3] [4] Due to malignant infiltration of dermal lymphatics, IBC is typically aggressive, having a poor prognosis and overall survival. 2 Survival is improved with multimodality therapy that consists of neoadjuvant chemotherapy and postmastectomy radiation therapy. [5] [6] [7] [8] Most patients without systemic malignancy undergo modified radical mastectomy resulting in increased locoregional control. 3, 8 Traditionally, IBC was considered a relative contraindication for breast reconstruction due to concerns for margin positivity, high risk of recurrence, poor long-term survival, and concern about potential delay of treatments from surgical complications. 9, 10 The NCCN Breast Cancer Panel recommends delayed breast reconstruction as an option to women with IBC who have undergone a modified radical mastectomy. 9 However, the surgical paradigm has not been re-examined as IBC survival outcomes have improved with multimodality treatment. If IBC patients can safely undergo breast reconstruction, they may benefit because of its ability to enhance body image, self-esteem, and quality of life. 11, 12 Reduction in delays to surgical treatment of breast cancer has the potential to improve overall and diseasespecific survival, comparable to the addition of some standard therapy. 13 A recent review determined that immediate breast reconstruction (IBR) did not delay initiation of adjuvant chemotherapy. 14, 15 Small, single-institution studies have suggested that performing delayed or immediate autologous reconstruction in the setting of IBC is safe and does not impact disease-free and overall survival, 16 ,17 but because of its low incidence and poor survival, there is a paucity of literature evaluating the relationship of IBR to survival. While prior reports have noted that chronologic age 18, 19 and comorbidities 20 thought to preclude breast reconstruction were some of the reasons for the infrequent rate of mastectomy with IBR, recent studies have demonstrated an increase in the use of postmastectomy IBR for breast cancer patients. 21, 22 Moreover, a recent analysis of the National Cancer
Database found that mastectomy and IBR rates are increasing among all patients age 65 years and older. The life expectancy of a women aged 65 years is age 86 years. 23 Anecdotally we have had patients increasingly request IBR in the IBC setting. This study evaluated survival after treatment of IBC with and without IBR in the ≥65 year old population using one of the largest United States datasets: the Surveillance, Epidemiology, and End Results (SEER)-Medicare-linked database, to inform clinical decision-making and patient counseling, and re-evaluate management guidelines.
| METHODS
The Fox Chase Cancer Center institutional review board approved the study, and permission to use the SEERMedicare database was obtained from the National Cancer Institute (NCI). All sixteen applicable SEER registries were used to increase the external generalizability of the results. The SEER cancer diagnosis date is specified by only month and year. Medicare claims were searched from the start of the month of diagnosis and for an additional 13 months. Patients were not excluded based on history of prior or other cancer, or on receipt of radiotherapy or chemotherapy. Patients were included if they had nonmetastatic IBC as indicated by AJCC 6th edition stage T4d ("Inflammatory carcinoma") for cases diagnosed 2004-2009; or extent of disease code 70 ("Inflammatory carcinoma, including diffuse (beyond that directly overlying the tumor) dermal lymphatic permeation or infiltration") for IBC diagnosed 1991-2003. The dates of diagnoses between 1991 until 2009 were chosen to include sufficient length of follow-up (ie, 5 years). Additionally, the cohort included females diagnosed ≥65 years of age having complete staging and diagnosis date variables, who had Medicare claims for mastectomy to permit the identification of the breast and reconstruction surgery status and dates. Medicare claims codes for surgery were identified to evaluate the interval between mastectomy and reconstruction procedures (Table  S1 ). Surgery dates and receipt of chemotherapy and radiotherapy were derived from physician claims, supplemented by outpatient and inpatient hospital claims. All submitted Medicare claims were reviewed for relevant procedures and dates. Charlson Comorbidity Index (CCI) was estimated from Medicare claims diagnosis codes using a modified method of Klabunde. 24 Patient demographic, tumor, and treatment characteristics were considered potential confounders, including age at diagnosis, race (per Medicare), marital status, CCI, United States region, census tract poverty level, census tract median income, year of diagnosis, tumor grade, tumor receptor status, lymph node (LN) status, radiotherapy, and chemotherapy use. The association of each characteristic with immediate reconstruction was evaluated using logistic regression.
Two survival outcomes of IBC patients, breast cancerspecific mortality (BCSM), and overall mortality (OM) were investigated using SEER vital status and cause of death. Competing risk regression mortality analysis was used to evaluate the association of IBR with BCSM while accounting for competing risk of death from other causes, and standardization of follow-up dates based on date of treatment. Risk comparisons are reported as sub-distribution hazard ratios (sub-HR). Similarly, Cox proportional hazards regression was used to estimate hazard ratios [HR] for the OM outcome. Three levels of covariate adjustment were examined: (1) adjustment for age at diagnosis; (2) further adjustment for statistically significant characteristics (P < .05) associated with immediate reconstruction; and (3) adjustment for all covariates in Table 3 . Comparative cumulative incidence functions illustrate the sub-HR difference between IBR and no reconstruction with all other covariates held constant. Statistical significance was set at P = .05 (two-sided). Analyses were performed using SAS software, version 9.3 (SAS Institute) and Stata software, release 12 (StataCorp 2011).
| RESULTS

| Characteristics of inflammatory breast cancer cohort
Among patients in the SEER-Medicare breast cancer dataset (1991-2009), we identified 1472 IBC patients meeting inclusion criteria, and 44 IBC patients having complete claims for surgical intervention and treatment (Table 1) . Mean age of diagnosis was 75.5 (range 65-103) years old. The cohort was primarily Caucasian (83.9%), married (36.9%), and healthy with CCI ≤1 (58.5%). Most were living within a 5%-10% poverty census tract (30%) and reported $25 000-$50 000 median income. The number of women diagnosed with IBC increased nearly 1.5-fold each period until 2001-2004. Most patients were Stage IIIB (88.6%) and had T4d presentation (46.2%). The most common tumor biology was poorly differentiated/undifferentiated grade (58.9%), IBC histology (51.1%), and any positive hormone receptor (HR) (52.4%). Nearly 75% had at least 1 lymph node (LN) examined and had at least 1 positive LN in 65.6% of patients. All IBC patients underwent mastectomy (n = 1472), and the majority received chemotherapy (65%) and radiation therapy (60.7%).
| Demographic and tumor characteristics associated with immediate breast reconstruction
Immediate breast reconstruction patients (3%, n = 44) were younger compared to their nonreconstructed counterparts (mean = 72.6 vs 75.6 years, P = .008) ( Table 2 ). Immediate breast reconstruction was associated with marriage (P = .016), lower CCI (P = .029), and greater census tract median income (P = .024). Trend analyses demonstrated that fewer IBRs occurred with increasing age at diagnosis (P = .0050), CCI score (P = .0042), and census tract poverty (P = .0099). An inverted-U trend of IBR was associated with increasing median income (P = .0033), where the greatest proportion of IBR was performed among patients reporting a median income of $25 000-$75 000. Associations between IBR and characteristics of IBC patients are delineated in Table S2 . Notably, patients with poor health as denoted by a greater CCI score were significantly less likely to undergo IBR (CCI 1 vs 0, OR = 0.77; CCI 2-3, OR = 0.32; CCI 4-11, OR = 0.31; P = .041). When adjusted for marital status, CCI, and median income on multivariable analyses, the only independent predictor of undergoing IBR was median income (P = .047). Analysis of the ICD-9 implant-related complications in our cohort was a 7% (n = 3, P < .003) rate of mechanical complication due to breast implant in the IBC group undergoing breast reconstruction (n = 44), compared to the no-reconstruction groups (0%, n = 1428).
| Breast cancer-specific and overall mortality
In univariate analysis (Table 3) , IBR was not associated with greater BCSM (sHR = 1.04, CI 0.71-1.54; P = .83). Factors associated with greater BCSM included earlier year of IBC diagnosis (P = .0016), histologic grade other than welldifferentiated (P < .0001), ER-negative/PR-negative or unknown receptor status (sHR = 2.02 and 1.47, respectively, P < .0001), increasing number of positive LN (P < .0001), and either neoadjuvant or adjuvant chemotherapy (P = .0027). Having 1-11 or >12 LN examined was associated with lower BCSM. Breast cancer-specific mortality was not associated with age of diagnosis, race, marital status, U.S. region, socioeconomic factors, CCI, and radiation therapy.
In multivariate analysis (Table 3) including IBR and significant univariate factors, IBR was not associated with BCSM (sHR = 1.14, CI 0.71-1.76; P = .55). Independent BCSM predictors were year of IBC diagnosis (P = .0003), histologic grade (P = .0005), HR status (P < .0001), number of LN examined (P < .0001), number of positive LN (P < .0001), and neoadjuvant chemotherapy (P = .0006). Aggressive histologic grade and HR status were associated with increased risk of BCSM. Compared to well-differentiated histologic grade, there is a threefold BCSM risk with poorly differentiated or undifferentiated grade IBC (sHR 3.19, CI 1.71-5.95, P = .005), and a twofold increase of BCSM risk with ER-negative/PR-negative hormone status (sHR 2.01, CI 1.69-2.39, P = .0005).
In univariate analysis (Table 4) , IBR was associated with lower OM (HR = 0.63, CI 0.42-0.92; P = .018). Factors associated with increased OM included older age at diagnosis (P < .0001), single or widowed status (P = .0005), higher CCI (P < .0001), poorer histologic grade (P = .0008), negative or unknown HR status (P < .0001), unknown or no LN examined (P < .0001), increased number of positive LN (P < .0001), no neoadjuvant nor adjuvant radiation therapy (P < .0001), no neoadjuvant chemotherapy (P < .0010), and no adjuvant chemotherapy (P < .0001). Overall mortality did
T A B L E 1 Distribution of patient and oncologic characteristics of inflammatory breast cancer patients from the SEER-Medicare 1991-2009
Database (n = 1472) not differ by race, U.S. region, census tract poverty, median income, and year of IBC diagnosis.
With adjustment for covariates, IBR was no longer associated with lower OM (HR = 0.82, CI 0.55-1.21; P = .319) ( Table 4 ). Independent predictors of OM were: age of diagnosis (P < .0001), CCI (P < .0001), histologic grade (P = .0318), HR status (P < .0001), number of LN examined (P < .0001), number of positive LN (P < .0001), adjuvant radiation therapy (P = .0066), and adjuvant chemotherapy (P = .0343). Similar to BCSM, observations of aggressive histologic grade and HR status were associated with increased risk of OM. Similar relationships were demonstrated between BCSM and both examined and positive LN.
To examine the association of chemotherapy and radiation therapy with BCSM over time, we stratified the cohort into 4 time periods, and looked at differences in BCSM by treatment within each period. The cumulative incidence of BCSM was significantly greater in chemotherapy patients in the first period (1991-1995, Gray's test P = .0008). Each successive period (1996-2000; 2001-2004; 2005-2009 ) did not demonstrate a difference by chemotherapy or radiation therapy status (each Gray's test P > .05). When examined in the multivariable modeling, the interaction between time period and additional treatment was not statistically significant. 
| DISCUSSION
Historically, the 5-year overall survival for IBC following mastectomy alone was 2%-4%. 25 Strategies for IBC treatment transitioned to radiation therapy alone or combined with surgery, but did not confer survival improvement.
Recently, advances in multimodal therapy have improved the 5-year overall survival rate to 34%-47%. 6 Multimodal therapy consists of neoadjuvant chemotherapy, modified radical mastectomy, and postmastectomy radiotherapy. 6, 7 Given the prognostic improvement, IBC that was once a relative contraindication to reconstruction has been given new reconsideration. A few single-institution studies have investigated whether breast reconstruction affects oncologic and survival outcomes among IBC patients. 
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reconstruction with high satisfaction, and had no significant differences in postoperative complications as compared to younger patients. 26 Moreover, whether breast reconstruction was implant-based or autologous tissue, advanced age did worsen recovery or long-term morbidity. 27 Recently, Simpson et al 17 identified 16 IBC women who received IBR, where the majority were tissue expander-based procedures. Similar to their 6% implant-related complication rate, 17 we report a 7% complication rate in our cohort of IBC patients. While reconstruction-associated complications did occur, IBR was not associated with elevated recurrence or lowered survival. These studies suggest that both delayed and immediate breast reconstruction are oncologically safe, well tolerated, and do not impact survival.
To our knowledge, the only 2 studies that evaluate survival in any meaningful manner, which are good studies, but do markedly differ from ours. The first paper by Chang and colleagues 16 is a single-institution retrospective analysis of 59 IBC patients who primarily underwent delayed autologous reconstruction. In this study, there was no control group comparison for mortality. The second study by Simpson and colleagues 17 is a single-institution review of breast reconstruction in IBC patients with a control group that demonstrated that immediate breast reconstruction was not associated with decreased survival. However, this study's conclusion was based on the limited IBC cohort of 16 patients who underwent immediate reconstruction.
We performed a population-based study using the SEERMedicare dataset to evaluate mortality in a nationally representative cohort of IBC patients, and beyond recent studies, we confirmed an association between IBR status and IBC outcomes. [28] [29] [30] Agarwal et al demonstrated in their SEER database study of all breast cancer postmastectomy patients that reconstructed women had a lower hazard of OM when compared to nonreconstructed women. 29 In a follow-up study, they demonstrated greater breast cancer-specific survival in patients that underwent reconstruction, although this may have been due to selection bias. 30 These studies validate our unadjusted finding that OM was improved follow mastectomy and IBR. Although we also demonstrated that IBR did not confer an OM benefit after adjusting for potential confounders in the 44 postmastectomy IBC patients when compared to the 1428 nonreconstructed IBC women, we found that IBC patients who have IBR after mastectomy have similar BCSM in comparison with IBC patients who do not undergo reconstruction. No difference in mortality was present after adjustment. To our knowledge, this represents the largest study of mortality in IBR IBC patients. Our evaluation demonstrated that more recent IBC diagnosis was associated with a progressive reduction in hazard of death. Improvement in BCSM is multifactorial. Over recent decades, targeted and less toxic chemotherapeutic protocols have been developed. 31 The most recent 2016 NCCN guideline for IBC recommends preoperative systemic chemotherapy using anthracycline-and taxane-based therapy with the addition of HER2-targeted therapy in tumors with HER-2/ neu overexpression. 9 Additional improvements appear to be due to advances in diagnostic technology that detect IBC earlier, which translate to earlier treatment, and adoption of multimodality treatment to improve oncologic outcomes for IBC patients.
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While our review of the SEER-Medicare dataset was not designed to evaluate the IBR itself or most optimal method of reconstruction in IBC patients, we did find that performance of IBR overall does not present the oncologic concerns previously theorized. Additionally, this analysis confirmed prior findings 29, 30 that tumor characteristics, such as histological grade, positive receptor status, and lymph node involvement, are independent predictors of adjusted OM and BCSM in IBC patients undergoing IBR. Women with IBC were more likely to undergo mastectomy and IBR if they were younger, married, healthier, and had greater median income. Yet, the single predictor of undergoing IBR was median income. This may suggest that wealthier areas have improved access to care and have the opportunity to benefit from IBR to enhance body image, self-esteem, and quality of life without compromising oncologic and survival outcomes or increasing complications. 11, 12, 16, 17 The unique nature of this study is its national representation of patient demographics and tumor characteristics allowing greater generalizability of our results nationally via the Medicare population. While this cohort is 65 and over, there is little reason why our results should be inapplicable to a younger population, but as recurrence rates can be slightly higher in a younger cohort, additional study in this group is indicated. Epidemiologic studies report that IBC accounts for 0.5%-2% of invasive breast cancers and is diagnosed at an earlier age (mean of 59 years vs 62 years). 2, 4 We identified approximately 0.3% (n = 1472) of nonmetastatic IBC patients among the overall breast cancer SEER-Medicare cohort (n = 552 936). Our IBC study cohort had a greater mean age at diagnosis of 75.5 years compared to the overall SEER invasive breast cancer cohort (mean age 59 years). 4 In comparison with the overall age of invasive breast cancer SEER patients, we observed a smaller, older cohort of IBC patients from examining only the SEER-Medicaid linked database. While our conclusions are limited to an older IBC population, we anticipate that an inclusive cohort of IBC patients will demonstrate a survival benefit with IBR. Elderly postmastectomy breast reconstruction patients are underrepresented, 26 and even more so in the subgroup of IBC patients. This is evident in our small sample size, and this is likely due to the fact that IBR is presently considered contraindicated for IBC patients. But as the United States population overall and IBC patients specifically are showing an increasing longevity, denial of IBR in the IBC setting for historic reasons may no longer be justified and should remain an option. We believe our study is a good starting point for further consideration and analysis, and our data are the best evidence to date that IBR has little impact on mortality. Although the present study was not designed to analyze the perioperative complications associated with and without IBR in the elderly cohort, reconstruction remains safe and is performed frequently in those over 65. While postmastectomy radiation is known to increase the risk of postmastectomy IBR complications, 32 our analysis of SEER-Medicare data results suggest that age, Charlson comorbidity scores, and radiation therapy do not increase risk of BCSM. We found that fewer older IBC patients in the SEER-Medicare dataset (Table 1) received radiation therapy than expected (40%). To determine whether this was unique to the older IBC cohort, we re-analyzed the SEER variable for radiation use (as vs Medicare claims codes) for the overall breast cancer population. We found that indeed a large proportion did not receive radiation (47%), and this finding was similar to our results. Similar findings were demonstrated after review of lymph node examination. Although these numbers seem low, the older IBC population is a group in whom selective omission of various treatments may occur more frequently. Our analysis attempts to compensate for such findings, by adjusting for adjuvant therapy usage or omission, so these numbers should have minimal impact on our analysis. Moreover, we believe that such numbers, if they had an effect, would skew the data away from our conclusion of similarity between groups. Yet we still found no difference, further strengthening our argument about safety. Therefore, our data offer guidance to counseling older IBC patients regarding the impact of surgical treatment on postoperative outcomes and BCSM. Although this dataset does not include every possible comorbidity, we utilized Charlson Comorbidity Index to adjust for health issues that may affect mortality. Moreover, while our focus is on the issue of survival and outcomes with or without reconstruction, we recognize that components of treatment may impact outcomes related to reconstruction (eg, radiation-related complications of implant breast reconstruction). Now that we have demonstrated that cancer outcomes are not compromised by the reconstruction, the secondary consideration of how to avoid or minimize such complications in the setting of radiotherapy should be evaluated in additional studies.
Finally, while we can see no reason why these results would markedly differ from a similar study in a younger cohort, confirmation in those under 65 would be desirable. Although younger patients have a higher recurrence risk, the added risk is present whether patients have mastectomy or breast conservation. We therefore do not think that the performance of breast reconstruction in younger women should change outcomes or show results any differently than it does here. Such a marked treatment difference by age would be a highly unique finding. Despite these limitations, our current analysis of a national cohort of IBC patients represents an important step in examining the interaction of IBR and BCSM.
As women with IBC now undergo multimodal treatment that confers a disease-specific mortality that is markedly improved compared with outcomes that occurred when IBR was first considered contraindicated, these results should provide reassurance to patients and multidisciplinary teams that the addition of IBR does not have a negative impact on BCSM. Ultimately just because we can do something does not mean we should, but our evaluation suggests that IBR is safe, and should not be considered a contraindication in carefully selected IBC patients.
